Abstract The genus Paeonia belongs to the family Paeoniaceae having significant medicinal and ornamental importance. The present investigation was undertaken with an aim to understand phylogenetic relationships of three Paeonia species (P. lactiflora, P. obovata, and P. suffruticosa) that are widely distributed in China, Korea, and Japan, using nuclear ribosomal DNA (nrDNA) internal transcribed spacer (ITS) sequence and to compare the phylogeny results with investigations reported earlier using existed sequences of the same species. The size variation obtained among sequenced nrDNA ITS region was narrow and ranged from 722 to 726 bp. The highest interspecific genetic distance (GD) was found between P. lactiflora and P. suffruticosa or P. obovata. The phylogram obtained using our nrDNA ITS sequences showed non-congruence with previous hypothesis of the phylogeny between section Paeonia and section Moutan of genus Paeonia. This result was supported by the phylogenetic relations showed in the phylogram constructed with existed sequences in NCBI. The present study suggested that P. obovata belonging to section Paeonia was phylogenetically closer to P. suffruticosa representing section Moutan of genus Paeonia than P. lactiflora belonging to section Paeonia. The main reason of the paraphyly of section Paeonia is thought to be nucleotide additivity directly caused by origin hybridization. This study provides more sequence sources of genus Paeonia, and will help for further studies in intraspecies population, and their phylogentic analysis and molecular evolution.
Introduction
Paeonia is the single genus in the family Paeoniaceae, which consists of ca. 35 species distributed mainly in warmtemperate regions of Europe and Asia (Wu et al. 2010 ). This genus is commonly divided into three sections: Moutan, Paeonia, and Onaepia (Pan 1979) . The largest section, Paeonia, contains ca. 27 herbaceous species distributed in eastern and central Asia, the western Himalayas, and the European Mediterranean region, including P. lactiflore and P. obovate investigated in this study (Tank and Sang 2001) . Section Moutan consists of five woody species, distributed in central and western China, including P. suffruticosa investigated in this study. The smallest section, Onaepia, consists of only two herbaceous species endemic to Pacific North America (Stern 1946; Pan 1979; Tank and Sang 2001) . Many species of this genus have been used in traditional folk medicine, such as the roots of P. suffruticosa, P. lactiflora, P. obovata, and P. albiflora are the most important crude drugs in Traditional Chinese Medicine (TCM), and have been used as analgesic, sedative, and anti-inflammatory agents, and as remedies for cardiovarscular, extravasated blood, stagnated blood, and female genital diseases (Chang and But 1986; Wu 1990) . Phytochemical investigations of Paeonia species have also revealed their main components exhibit significant biological and pharmacological activities (Tsai et al. 2008; Hu et al. 2010) .
The World Health Organization has estimated that more than 80% of the world's population depends on herbal medicine for primary healthcare needs (Vines 2004) . Medicinal plants have been playing more and more inherent and prominent roles in our life (Yuan et al. 2010 ). Due to long-term exploitation of wild medicinal herbs, many important Chinese traditional medicinal plants are becoming rare and endangered (Gao et al. 2005) . In order to protect the medicinal plant resources and meet the increasing demand for plant-based drug and herbal remedies, the most popular medicinal plants have been cultivated under the supervision of Chinese government of grown spontaneously by farmers (Gao et al. 2005) . However, before the farm cultivation of medicinal plants, their genetic diversity and phylogenetic analysis is required to make use safer and more correct.
Genus Paeonia has commonly been considered as a phylogenetically and taxonomically complex group (Stebbins 1938) . In particular, section Paeonia, consisting of approximately 27 herbaceous species of both diploids and tetraploids, may have undergone complex reticulate revolution hat further obscured phylogenetic relationships (Sang et al. 1995 (Sang et al. , 1997a . The phylogeny of Paeonia was previously inferred based on nucleotide sequences from multiple genic and intergenic regions, including two loci of the low-copy nuclear gene alcohol dehydrogenase (Adh1 and Adh2), the nuclearencoded and chloroplast-expressed glycerol-3-phosphate acyltransferase (GPAT) gene, the cpDNA gene matK, two intergenic cpDNA spacers (trnL-trnF and psbA-trnH), and the nrDNA ITS region (Sang et al. 1995; 1997a, b; Sang and Zhang 1999; Tank and Sang 2001) . The molecular phylogenies support the monophyly of each of the three taxonomic sections of Paeonia. Despite the large amount of sequence data analyzed, some relationships remain unresolved, such as within subsection Vaginitae of section Moutan, and section Paeonia containing numerous hybrid species (Tank and Sang 2001) . To further understand clearer molecular evolution and phylogenetic relationship of genus Paeonia, more accessions of more species, newer gene markers with higher rates of sequence divergence would be needed.
In this study, the genetic diversity of four accessions of three peony species (P. lactiflora, P. obovata, and P. suffruticosa) based on nrDNA ITS sequence variation was detected. Herbaceous peony, P. lactiflora (known as Radix Paeoniae Alba in medicine, and also called as baishao in Chinese; Jiang et al. 2011; Ou et al. 2011) , and woodland peony, P. obovata (called as caoshaoyao in Chinese; , both belonging to the Paeonia section, are both widely distributed in China, Japan, Korea, and far east of Russia. Both species are used for representing the section Paeonia in this study. Tree peony, P. suffruticosa (known as Moutan Cortex in medicine, also called as mudanpi in Chinese;), belonging to the section Moutan, is widely overlapped distributions in China (Hong et al. 2010; He et al. 2010 ). This species is used for representing the section Moutan in this study. In the theory of TCM, P. lactiflora has a slightly cold nature, bitter and sour taste, and the root of this species is commonly used for medicinal purpose. It mainly distributes to treat the liver meridian and symptoms such as dizziness, costal part pain, stomach ache, limb spasm and ache, blood deficiency with dim yellow skin, irregular menses and spontaneous perspiration (National Committee of Pharmacopoeia 2005). In addition, herbaceous peony has large and beautiful flowers, so the flower of this plant is mainly cultivated for ornamental purpose in China and has been introduced to Japan, America, and Europe. The flower of P. suffruticosa is known as the king of flowers in China (Hong et al. 1998) , and its root cortex has been widely used as an herbal medicine in Asia for a long time, to treat such diseases as atherosclerosis, infection, and inflammation as well as cutaneous disease (Jiang et al. 2007; Hong et al. 2010) . Little information about the use of P. obovata is found, except of being used as a painkiller by the Ainu people (Batchelor and Miyabe 1893) .
According to the phylogenetic analysis using nrDNA ITS sequence, it was suggested that P. obovata belonging to section Paeonia of genus Paeonia was phylogenetically closer to P. suffruticosa representing section Moutan, but not the species, P. lactiflora that belongs to the same section Paeonia as P. obovata. This results proved the taxonomically complexity of section Paeonia, and might provide more sequence sources to study the taxonomically complex section Paeonia and section Moutan.
Materials and methods

Plant materials
A total of four voucher specimens, consisting of three Paeonia species [P. lactiflora (2 accessions), and P. obovata, both belonging to section Paeonia, and P. suffruticosa belonging to section Moutan] were included in this study. Leaves were picked from four vouch specimens, and deposited in Department of Bio-Health Technology, Plant Developmental and Engineering Lab (PDEL), Kangwon National University, Korea, for molecular study. The names of these specimens are listed here together with the collectors' number have been deposited in the National Centre for Biotechnology Information (NCBI) under the GenBank accession numbers of JN572147 ~ JN572150. The detailed information of the plant materials investigated in this study was shown in Table 1 . Isolation of DNA, amplification and sequencing DNA extractions were performed by using the modified cetyltrimethylammonium bromide (CTAB) method described by Doyle and Doyle (1987) . Universal ITS primer sets ITS5, 5'-GAA AGT AAA AGT CGT AAC AAG G-3' and ITS4, 5'-TCC TCC GCT TAT TGA TAT GC-3' were used to amplify the nrDNA ITS region including ITS1, 5.8S rRNA, ITS2 regions (White et al. 1990 ). PCR amplification was conducted using this set of primers with the following program: 35 cycles of denaturation at 95℃ for 1 min, annealing at 53℃ for 1 min, and a final extension step at 72℃ for 1.5 min. All PCR products were purified before DNA sequence analysis using a QIAquick PCR Purification Kit (QIAGEN, Korea, Cat. No. 28104) according to the manufacturer's instructions. Purified PCR products were then sequenced at MACROGENE Advancing through Genomics (Korea, http://dna.macrogen.com/kor/).
Sequence editing and alignment
For editing and assembly of the complementary strands, the software program DNAMAN version 6.0 (Lynnon Biosoft Corporation, USA, www.lynon.com) was used. Analogue of our sequences and nucleotide sequence comparisons were detected with Basic Local Alignment Search Tool (BLAST) network services against databases (http://www.ncbi.nlm.nih. gov/). The multiple sequence alignment of ITS region (ITS1, 5.8S rRNA gene and ITS2) of all the four Paeonia species was performed also using DNAMAN version 6.0 software, to detect single nucleotide polymorphisms.
Phylogenetic analysis
The phylogenetic relationships among the four Paeonia species was estimated after the construction of a phylogram based on multiple sequence alignment of ribosomal DNA ITS sequence with the DNAMAN version 6.0 software (Lynnon Biosoft Corporation, USA, www.lynon.com). The relevant region lengths (ITS1, 5.8S rRNA gene and ITS2) of each sequence were calculated, and the G + C contents of each sequence were calculated with the help of BIOEDIT software. Genetic distance (GD) was obtained with the help of MEGA software and mean GD of the intraspecific distance was calculated by sum of individual GD divide by number of samples.
Results and discussion
The nrDNA ITS region has been used in numerous systematic studies at genus and species levels of a wide array of plant taxa (Wen and Zimmer 1996; Alice and Campbell 1999; Sun et al. 2010a, b) . The two internal spacers, ITS1 and ITS2 are located between the 18S nrRNA gene and the 26S nrRNA gene, and are referred as nrDNA ITS region combined with 5.8S nrRNA gene located between ITS1 and ITS2 (Baldwin 1992) . Generally, ITS1 and ITS2 are less than 300 by in length, and the 5.S subunit is almost invariant in length within angiosperms around 160 bp, making the entire ITS region less than 700 bp (Sudheer Pamidimarri et al. 2009 ). Its small size, ease of amplification and rapid concerted evolution made nrDNA ITS region as a useful tool for deducing phylogetic relation. In this study, nrDNA ITS sequence were amplified with primers ITS4 and ITS5 from P. lactiflora, P. obovata, and P. suffruticosa showed very narrow size variations and ranged from 722 to 726 bp (data now shown). The PCR products consisted of partial 18S rRNA gene sequence, ITS1, 5.8S rRNA gene, and ITS2 complete sequence, and partial 26S rRNA gene sequence (GenBank accession number, JN 572147~JN572150 in NCBI). Among these four accessions of peony species, there was single base-pair sequence variation only, observed in the ITS2 region between P. suffruticosa and other species (Table 2 ). In the full ITS sequence, there was only one nucleotide variation existing in the ITS1 region between CHA and CHA1 ( Fig. 1 ), but not in the 5.8S rRNA gene and ITS2 region sequence (Figs. 2, 3 ; Table 2 ). Whereas, in interspecific level, 22 bp and 19 bp of nucleotide variations were obtained in the full ITS region sequence with P. obovata and P. suffruticosa, respectively (Figs. 1-3; Table 2 ). These nucleotide variations consisted of 4 bp and 5 bp specific-nucleotide site differences of P. obovata and P. suffruticosa in the ITS1 region, respectively (Fig. 1) , only 1 bp specific-difference observed in the 5.8S rRNA gene of P. obovata (Fig. 2) , and 2 bp and 6 bp specific-differences in the ITS2 region of P. obovata and P. suffruticosa, respectively (Fig. 3) . Intraspecific G + C content of the sequences showed very narrow variations, and only found in the ITS1 region caused by the nucleotide differences (Table 2) . Contrarily, the interspecific G + C content showed to be varied remarkable: the minimum interspecies G + C content of the ITS1 region appeared in P. lactiflora and the maximum in P. obovata; the G+C content of P. obovata in the 5.8S rRNA gene was specifically different from that of other species; the minimum interspecies G + C content of the ITS2 region also appeared in P. lactiflora and the maximum in P. suffruticosa (Table  2 ). The total ITS region G + C content ranged from 55.52 (P. lactiflora) to 56.99 % (P. suffruticosa).
The intraspecific GD was found to be 0.008 between two accessions of P. lactiflora (Table 3 ). The highest interspecific GD (0.046) was found between P. lactiflora and P. suffruticosa or P. obovata, while the least interspecific GD (0.038) was found between P. suffruticosa and P. obovata.
The phylogram was generated based on our nrDNA ITS sequences from four accessions of three species, suggesting that P. obovata (SHAN) was phylogenetically closer to P. Fig. 4 Phylogenetic tree of genus Paeonia generated using our nrDNA ITS sequences according to the one-parameter model by Jukes and Cantor (1969) . Number means relevant branch length Fig. 5 Phylogenetic tree of genus Paeonia generated using nrDNA ITS sequence. Pl means existed ITS sequence from P. lactiflora in NCBI GenBank data; Po means existed ITS sequence from P. obovata in NCBI GenBank data; and Ps means existed ITS sequence from P. suffruticosa in NCBI GenBank data suffruticosa (MO) than P. lactiflora (CHA and CHA1; Fig. 4 ). However, it is commonly known that P. lactiflora and P. obovata belong to section Paeonia of genus Paeonia, while P. suffruticosa belongs to section Moutan of the same genus, Paeonia. Previous phylogenetic hypotheses strongly supported the monophyly of three sections, Paeonia, Onaepia, and Moutan (Sang et al. 1995 (Sang et al. , 1997a . Sang et al. (1997b) combined the Adh1A, ITS, and matK DNA sequence data to produce a phylogenetic tree that is congruent with the monophyly of section Paeonia, Onaepia, and Moutan. According to the phylogeny analysis of genus Paeonia using GPAT gene sequence, Tank and Sang (2001) disproved the monophyly of section Paeonia and section Onaepia that subsection Foliolatae of section Paeonia is phylogenetically closer to P. californica, representing section Onaepia than subsection Paeonia of section Paeonia. Despite there were some controversy about the monophyly of section Paeonia and section Onaepia, the monophyly of section Paeonia and section Moutan were not doubted. However, in this study, the monophyletic group formed by P. obovate representing section Paeonia and P. suffruticosa representing section Moutan was parallel with another monophyletic group formed only by species of section Paeonia, that was not congruent with previous phylogenetic relations of both section Paeonia and section Moutan.
To well understand the phylogenetic relationship of P. lactiflora, P. suffruticosa, and P. obovata, the phylogram was generated based on our ITS region sequences and existed ITS sequences of these species in NCBI (Fig. 5 ).
And this phylogram obtained the same result as the phylogram of our sequence did (Fig. 4 ). There were seven existed ITS sequence from P. lactiflora, seven from P. suffruticosa, and only one from P. obovata in all. Our P. lactiflora ITS sequences (CHA and CHA1) showed very high identity with some existed P. lactiflora sequences including FJ514501, FJ514502, FJ514503, and U27682, and formed a major clade with other three sequences of the same species (EU926491, GQ434600, and EU591986), with 98% of similarity (Fig. 4) . Our P. obovata ITS sequence (SHAN) were very identical to the exclusive sequence of this species existed in NCBI, U27688. P. suffruticosa sequences formed a monophyletic group containing our sequence (MO), and the least similarity with each other was found to be 99%. The P. suffruticosa group formed another major clade with the P. obovata monophyletic group, with the least similarity of 97%. Although P. suff-ruticosa belongs to section Moutan of genus Paeonia, different from P. lactiflora and P. obovata belonging to section Paeonia of genus Paeonia, P. obovata was phylogenetically closer to P. suffruticosa than P. lactiflora based on nrDNA ITS sequence.
Our results were not congruent with previous phylogeny of P. obovata and section Moutan by Sang et al. (2004) . In the report of Sang et al. (2004) , several individuals of P. obovata were used to investigate the phylogenetic relations of section Paeonia and section Moutan represented by P. suffruticosa, P. decomposita, P. rockii, and P. delavayi, and found to be monophyletic especially in phylogeny tree generated using the Adh2 gene sequence. As known, Paeonia section Paeonia has long been considered to be a taxonomically difficult group, presumably because of reticulate evolution and hybridization directly resulting in nucleotide additivity (Stebbins 1948; Sang et al. 1995) . Thus, few ambiguous nucleotide sites were found in the sequences obtained directly from a PCR pool, and no nucleotide substitutions were detected among populations of a species (Sang et al. 1995) , that directly magnified roles of some nucleotide variations to induce great difference in phylogram based on DNA sequences. In addition, hybridization caused the molecular diversification among populations of P. anomala, indicated that P. anomala is a homoploid hybrid that originated from a across between P. veitchii and P. lactiflora (Pan et al. 2007 ). Sequence polymorphism was found at the Adh1 and Adh2 loci within populations of P. anomala, which were grouped with P. veitchii and P. lactiflora, respectively. And P. anomala was grouped with P. veitchii on the ITS and GPAT phylogenies but with P. lactiflora on the chloroplast phylogeny. Thus increased sampling of populations and more molecular markers were required to investigate in studies of phylogenetic analysis.
The present study proves the usefulness of the nrDNA ITS sequence in phylogenetic analysis of genus Paeonia and pave way for future phylogentic and/or evolutionary studies among the groups belongs to the family Paeoniaceae. The sequence data generated will help for further studies in intraspecies population, and their phylogentic origins, biogeographical and molecular evolutionary studies. However, the further understanding of the phylogeny of genus Paeonia needs to construct and compare more DNA sequence sources in the future. As the standard of human life and the demands of medicinal herbs are increasing, this study also would help the use accuracy and safety of this species.
